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Abstract: The study was carried to determine the mineralogy of soils of different geomorphic units for providing the 
more detailed information needed to improve agricultural production in north-eastern part of Haryana. The soils of 
the study area were slightly acidic to strongly alkaline in reaction (6-9.4). The cation exchange capacity and electri-
cal conductivity varied from 3.10-26.80 cmol (+) kg-1 and 0.16-1.20 dSm-1, respectively. In general, the soils were 
siliceous in nature with SiO2 ranging from 68.60 to 87.90 percent. The soil samples from surface and subsurface 
diagnostic horizons were studied through X-ray diffraction. In fine sand, quartz was the dominant mineral followed by 
feldspars, muscovite, hornblende, tourmaline, zircon, biotite, iron ores and sphene. In silt fraction, quartz was the 
dominant mineral followed by mica, feldspars, chlorite, kaolinite, interstratified and traces of smectite and vermicu-
lite. Semi-quantitative estimation of clay fraction indicated that illite was the single dominant mineral in the clay frac-
tion of these pedons, however, its quantity was less in alluvial plains (28-30 %) compared to Shiwalik hills (36-49 %). 
Next to illite, a high amount of smectite (14-20 %) and vermiculite (11-17 %) were observed in clays of alluvial plains 
of Ghaggar (recent and old) whereas in Shiwalik hills (top and valley) these minerals were detected in small amount 
(6-11 %). Fairly good amount of kaolinite (10-17 %) and small amount of chlorite (4-11 %) were uniformly distributed 
in soil clays irrespective of geomorphic units showing their detrital origin. Medium intensity broad peaks in higher 
range diffractograms (14-24 A˚) indicated the presence of regular and irregular interstratified minerals in old alluvial 
plains of Ghaggar. 
Keywords: Geomorphic unit, X-ray diffraction, Mineralogy, Diffractograms, Interstratified minerals 
INTRODUCTION  
A geomorphic surface or unit is defined as the part of 
the land surface with definite geographic boundaries 
formed by one or more agencies in a given period of 
time (Daniels et al., 1970; Buol et al., 2011). Four ma-
jor geomorphic units have been recognized in north-
eastern Haryana. Shiwalik hills are primarily repre-
sented by Upper Shiwaliks extending from Kalesar in 
the southeast to northwest of Kalka. However, Middle 
Shiwaliks are present but in patches. Shiwaliks are also 
exposed on the northeastern border of Punjab in con-
tinuation in a linear lithotectonic belt. Immediately 
south of the low structural cum denudational hills of 
the Shiwalik, lies the zone of piedmont deposits. With-
in this geomorphic unit, two distinct generations of 
piedmont deposits are evident, an older piedmont zone 
which has later been cut and partly eroded by a young-
er piedmont deposit. This piedmont zone mainly com-
prises of alluvial coalescing fans and fan cut terrace 
deposits. This older alluvial tract occupies a position 
between the hills in the northeast and the aeolian zone 
to the southwest. There is a conspicuous variation in 
the geomorphological set up to the north and south of 
the Ghaggar river. The southern tract shows the preva-
lence of dunal features and is differentiated by sand 
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ridges upto 15 m high and 5 km long. However, north-
ern tract exhibits low relief, stabilized dunes, marginal 
dunes occurring periodically in patches. The low-lying 
areas in the immediate vicinity of the major rivers viz. 
the Yamuna, the Sutlej, the Beas and the Ravi charac-
terized by typical features of recent flood plain have 
been classified as flood plain. This distinguishable 
geomorphic unit, due to frequent inundation during 
high flash floods and owing to its low-lying nature, has 
no optimum land use pattern or planning. This is in 
fact the younger alluvium and is put under seasonal 
cultivation when free from floods (Chopra, 1990).  
Topography plays a prominent role in determining the 
variation of soil properties, since such variations are on 
account of the orientation of hill slope on which the 
soil is formed. Moreover, the steep slopes, in general, 
promote rapid loss of soil by erosion as a result of low 
infiltration leading to excessive runoff (Brady and 
Weil, 2007). It not only conditions the microclimate 
but also influences soil properties by affecting multi-
tude of soil forming processes. Understanding soil 
genesis needs elucidation of the chemical, mineralogi-
cal and physical composition of the soil because these 
properties determine the utility of the soils for sustain-
able agricultural production. Amidst the ultimate prod-
ucts of weathering, clay minerals and mineral colloids 
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of various characteristics are influencing numerous soil 
properties in various ways (Churchman, 2010a). Clay 
minerals are hydrated aluminum silicates with very 
fine particle size, usually < 2μm (Moore and Reynolds, 
1989). The permutations of minerals are largely related 
with nature and constitution of parent material and 
degree of weathering (Abbaslou et al., 2013). Owing 
to the rationales of primary mineral stability, alteration 
and neoformation of minerals, it is apparent that all 
soils develop from parent rocks and their elemental 
constitution begins to rely more on weathering envi-
rons rather on composition of parent materials. There-
fore, associations of clay minerals in soils are regarded 
as indices of degree of soil development (McBride, 
1994). Churchman (2010b) reported that, in general, 
minerals formed by neogenesis from solutions in the 
soil appear in smaller particles showing more disorder 
compared to other processes, for instance, hydrother-
mally or from deposits of oceanic or lacustrine origin. 
Since, little research has been carried out to compare 
the mineralogical composition of soils under different 
landscapes, therefore, clay mineralogy and the proper-
ties of the soils with different topography and vegeta-
tion were analysed. The aim of this work was to deter-
mine the relationship between geomorphic units and 
the mineralogy of the soil.  
MATERIALS AND METHODS  
The study area is situated between 76° 31ꞌ to 77° 35ꞌ E 
longitudes and 30° 03ꞌ to 30° 57ꞌ N latitudes covering 
districts of Panchkula, Ambala, Yamuna Nagar and 
Kurukshetra in Haryana. Most of the area is covered 
by quaternary deposits except hilly area. The general 
topography is undulating in the northern part and flat 
in the southern part. Geomorphologically, the area 
comprises of hilly terrain, piedmont plain and alluvial 
plain. Two major rivers flow through this area, Ghag-
gar and Yamuna. The climate is subtropical, semiarid, 
continental monsoonal with prolonged hot summer 
with mean annual precipitation of 578−1486 mm. The 
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Table 1. General characteristics of geomorphic units of north-eastern Haryana.  
Pedon Physiography Drainage Erosion Land use 
1 Shiwalik hill (Top) Excessively drained Very severe Forest 
2 Shiwalik hill (Top) Runoff Very severe Forest (wasteland) 
3 Shiwalik hill (Slope) Runoff Very severe Forest 
4 Shiwalik hill (Slope) Runoff Very severe Forest 
5 Shiwalik hill (Valley) Excessively drained Very severe Forest 
6 Shiwalik hill (Valley) Well drained Severe Cultivation 
7 Shiwalik hill (Valley)-gently  undulating Moderately well drained Moderate Cultivation 
8 Shiwalik hill (Valley) Imperfectly drained Moderate Forest 
9 Shiwalik hill (Valley) Imperfectly drained Severe Grasses, wasteland 
10 Piedmont plain (Upper) Well  drained Severe Forest 
11 Piedmont plain (Upper) - gently undulating Moderate Severe Fallow and wheat 
12 Piedmont plain (Upper) - gently to very 
gently undulating 
Moderate Moderate Fallow and wheat 
13 Piedmont plain (Lower) – very gently un-
dulating 
Well drained Moderate Cultivation 
14 Piedmont plain (Lower) – nearly level Well drained Absent Cultivation 
15 Active floodplain (Ghaggar) Well drained Slight Cultivation 
16 Recent flood plain (Ghaggar) Well drained Absent Cultivation 
17 Recent flood plain (Yamuna) Moderately well drained Slightly to moderate Cultivation 
18 Old alluvial plain (Ghaggar) Well drained Absent Cultivation 
19 Old alluvial plain (Markhanda) Poorly drained Absent Cultivation 
20 Old alluvial plain (Yamuna) Imperfectly drained Absent Cultivation 
21 Low lying plain   Imperfect Absent Forest 
22 Low lying plain   Imperfectly drained Absent Cultivation 
Table 2. Semi-quantitative estimation of clay minerals in clay fraction (<2μ) of soils. 
Geomorphic unit Pedon Horizon Depth (cm) I V S K C Q F Inter. 
Shiwalik hill (Top) 2 A1 0-37 48 6 10 13 11 <5 - 10 
Shiwalik hill (Top) 2 2C 152-242 49 6 12 12 9 5 - 7 
Shiwalik hill (Valley) 5 A1 0-23 43 12 9 12 10 5 - 9 
Shiwalik hill (Valley) 5 C 53-106 36 11 17 13 8 8 <5 5 
Shiwalik hill (Valley) 9 Ap 0-6 43 15 6 15 7 5 - 9 
Shiwalik hill (Valley) 9 C 31-48 46 13 7 14 8 6 - 6 
Active Flood Plain (Ghaggar) 15 Ap 0-26 28 17 20 10 5 5 - 15 
Active Flood Plain (Ghaggar) 15 2C 86-120 31 12 16 15 4 6 - 16 
Active Flood Plain (Ghaggar) 18 Ap 0-17 34 13 15 17 5 6 - 10 
Active Flood Plain (Ghaggar) 18 B2 20-50 39 11 14 15 7 5 - 9 
I=Illite, K= Kaolinite, C= Chlorite, S= Smectite, V=Vermiculite, Q= Quartz, F= Feldspar, Inter= Interstratified 
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maximum rainfall occurs during monsoon i.e., July to 
September. The soil moisture regime is ustic and udic 
and soil temperature regime is hyperthermic. The soil 
of Shiwalik hill (top and valley) and recent flood 
plains of Ghaggar were Typic Udorthents/ Udipsam-
ments and soils of old alluvial plains of Ghaggar were 
Typic Haplustepts (Soil Survey Staff, 2006). Topo-
graphic maps of India (1:50,000) were used to identify 
sites for profile excavation and soil augering. On the 
basis of geomorphic-soil relationship established in the 
area, 22 representative pedons were exposed and stud-
ied in the field. These pedons also form a 
toposequence, a transect covering from Shiwalik hills 
to lower alluvial plains. The 22 profiles were selected 
during an inventory of the characteristics and variabil-
ity of the different soil types. The soils chosen were 
assumed to be representative of the area. Sampling of 
each pedon was done by pedological horizon; 2-3kg of 
soil was collected per horizon. A total of 120  
samples were collected, air-dried, ground using wood-
en pestle and mortar and passed through a 2mm sieve. 
Soil samples were analysed for pH, electrical conduc-
tivity (ECe) cation exchange capacity (CEC) and  
texture using standard procedures (Soil Conservation 
Service, 1972). Based on physico-chemical characteris-
tics, 10 soil samples representing different soil hori-
zons were selected for detailed mineralogical analysis.  
The mineralogical composition of soils was determined 
by X-ray diffraction analysis (XRD). The XRD analy-
sis was conducted on the clay fraction isolated from 
soils that were pre-treated with H2O2. For removal of 
soil organic matter 10g of 2mm air dried sample was 
weighed into a 1000ml beaker and treated with 30 % 
H2O2 until effervescence ceases followed by heating to 
about 90℃ to remove excess H2O2. The sample was 
washed with distilled water before transferring into a 
250ml centrifuge tube. The soil was dispersed by 
Na2CO3 and the clay fraction was isolated by sedimen-
tation. The following treated slides were scanned: Mg-
saturated, Mg-saturated and glycerol solvated, K-
saturated, K-saturated and heated, HCl treated Mg-
saturated and HCl treated and then Mg saturated-
glycerol solvated  clays were prepared as oriented 
specimen and mounted on glass slides, analysed on 
Dinesh et al. / J. Appl. & Nat. Sci. 9 (2): 924 - 934 (2017) 
Fig. 1. X-ray diffractograms of silt fraction (2μ) of pedon 2 
Shiwalik Hill Top (Ap: 0-37). 
Fig. 2. X-ray diffractograms of silt fraction (2μ) of pedon 8 
Shiwalik Hill Valley (Ap: 0-17). 
Fig. 3. X-ray diffractograms of silt fraction (2μ) of pedon 15 
Active Flood Plain (Ghaggar) (Ap: 0-26). 
Fig. 4. X-ray diffractograms of silt fraction (2μ) of pedon 18 
Old Alluvial Plain (Ghaggar) (Ap: 0-17). 
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Philips PW 1390 X-ray diffractometer using Ni-
filtered CuKα-radiation target and operated at 30KV 
and 20mA. Semi-quantitative estimates were prepared 
on the basis of relative peak area ratio after necessary 
correction for background (Gjems, 1967; Ghosh and 
Dutta, 1974; Karanthansis and Hajek, 1982). The total 
oxide concentrations in the soil samples were obtained 
by X-ray fluorescence spectrometry using glass beads 
method.  
RESULTS AND DISCUSSION 
The general site characteristics of the soils developed 
on four major geomorphic units of north-eastern Har-
yana viz., Shiwalik hills, piedmont plains, flood plains 
and old alluvial plains are given in Table 1. The soils 
had various parent materials and the land forms were 
flaty to gently undulating. The horizonation of differ-
ent profiles is shown in table 3. The land use, by and 
large, included chir pines, bamboo, shisham, mulberry 
etc (forests) and wheat, mustard, barley, paddy etc. 
Physico-chemical properties: The texture of different 
geomorphic units is shown in Table 2. In each loca-
tion, soils mostly had quite different textures. At some 
locations individual soil profiles had very different 
textures relative to other profiles at that location. Some 
profiles showed a systematically increasing clay per-
centage with depth (pedon 7) that could be attributed 
to pedogenesis (illuviation) but could also reflect the 
presence of sedimentary layers deposited under a re-
gime where transport conditions become more ener-
getic over time (Wongpokhom et al. 2008). 
The results reveal that the soils in terms of chemical 
reaction varied from slightly acidic to strongly alka-
line. There was a substantial variation in pH in differ-
ent locations. According to pH classes, described by 
Soil Survey Staff (2006), the soils of pedon 1 
(Shiwalik hills-top), pedons 7, 8 and 9 (valleys), pe-
dons 10, 11 and 12 (upper piedmont plains) were 
slightly acidic to neutral (6-7.35) in reaction which 
may be due to high rainfall and more vegetation in the 
area. The soils of pedon 3 and 4 (Shiwalik hill-slope), 
pedons 5 and 6 (valleys), pedon 14 (lower piedmont 
plains), pedons 16 and 17 (flood plains) and pedon 20 
(old alluvial plain) were moderately alkaline (7.8 to 
Dinesh et al. / J. Appl. & Nat. Sci. 9 (2): 924 - 934 (2017) 
Fig. 5. X-ray diffractograms of clay fraction (2μ) of pedon 2 
of Shiwalik hills Top (A1: 0-37). 
Fig. 6. X-ray diffractograms of clay fraction (2μ) of pedon 2 
of Shiwalik hills Top (IIc: 152-200). 
Fig. 7. X-ray diffractograms of clay fraction (2μ) of pedon 5 
of Shiwalik hills valley (A1: 0-23). 
Fig. 8. X-ray diffractograms of clay fraction (2μ) of pedon 5 
of Shiwalik hills valley (C: 53-106). 
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8.3) in reaction whereas pedons 2, 15, 18, 19, 21 and 
22 were strongly alkaline (8.3 to 9.4) in reaction. 
There was an increase in pH with depth in all pedons 
except 9 and 14 which might be attributed to the loss 
of bases from the surface. The increase in pH in deeper 
horizons was also reported by Kaistha and Gupta 
(1993) in the soils of the north-west Himalayan region.   
The cation exchange capacity was found to be less 
(3.10 to 12.02 cmol (p+) kg-1) in pedons 1 and 8 ( Shi-
walik hills), pedons 10, 11, 12, 13 and 14 (piedmont 
plains) compared to pedons 2, 3 and 4 (Shiwalik hills), 
pedons 5, 6 and 7 (valleys), pedons 15 and 17 (flood 
plains) and pedons 18, 19, 20, 21 and 22 of old alluvial 
plains having (9.61 to 17 cmol (p+) kg-1). The low cati-
on exchange capacity of these soils is due to domi-
nance of illite and other low charge minerals and low 
organic matter content (Sharma et al., 2011). Lower 
horizons of pedon 4 had highest cation exchange ca-
pacity (22.20 to 26.80 cmol (p+) kg-1). The higher CEC 
in pedons 3, 4, 7, 15, 18 and 21 may be related to vari-
ation in content and nature of organic carbon and inor-
ganic colloids (Sireesha and Naidu, 2015). Sawhney et 
al. (1996) evinced that the wide variation in CEC 
among different landscapes of Shiwalik hills of Punjab 
may be assigned to difference in clay content and strat-
ified and young nature of materials. Sharma et al. 
(1997) reported that substantially wide variation of 
CEC (2.8-32.8 cmol (p+) kg-1) in Inceptisols of north-
west India.  
The electrical conductivity (EC) of saturation extract 
revealed that soils of all geomorphic units were non-
saline in nature (0.16 to 1.20 dSm-1). The EC of flood 
plains (pedons 15, 16, 17), old alluvial plains (pedons 
18, 19, 20) and low lying alluvial plains (pedon 21, 22) 
was found to decrease with depth. The soils of Shiwa-
lik hills (top and slope; pedons 1, 2, 3,4) valleys 
(pedons 5, 6, 7, 8, 9) and piedmont plains (pedons 10, 
11, 12, 13, 14) showed more electrical conductivity in 
subsurface horizons which  might be due to high and 
erratic rainfall.   
The chemical composition of soils observed to have 
been influenced not only by parent material but also to 
extent by pedo-environment including microclimate 
and geomorphology. In general, the soils were sili-
ceous in nature with SiO2 ranging from 68.60 to 87.90 
percent. The soils of Shiwalik hills (top and slope) and 
Dinesh et al. / J. Appl. & Nat. Sci. 9 (2): 924 - 934 (2017) 
Fig. 9. X-ray diffractograms of clay fraction (2μ) of pedon 8 
of Shiwalik hills valley (Ap: 0-6). 
Fig. 10. X-ray diffractograms of clay fraction (2μ) of pedon 8 
of Shiwalik hills valley (C: 31-48). 
Fig. 11. X-ray diffractograms of clay fraction (2μ) of pedon 
15 Active Flood Plain (Ghaggar) (Ap: 0-26). 
Fig. 12. X-ray diffractograms of clay fraction (2μ) of pedon 
15 Active Flood Plain (Ghaggar) (IIC1: 86-112). 
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valleys were having more SiO2 (72.2 to 87.9 %) than 
old alluvial plains and low lying alluvial plains (68.8 to 
78.8 %). This may be due to higher amount of quartz 
in parent material (Ahuja, 1981; Khan et al., 1997). 
Sireesha and Naidu (2015) reported that the values of 
SiO2 and Al2O3 reflect the presence of appreciable 
amount of 2:1 type of clay minerals. Walia and Rao 
(1997) reported that SiO2 varied from 59.7-76.8 % 
which may be attributed to the nature and source of 
alluvium in Trans-Yamuna plains. In pedons 1, 3, 7, 8 
and 9 of Shiwalik hills, SiO2 increased with depth or 
exhibited no particular pattern which may be attributed 
to sediment deposition. The SiO2 in the horizons of 
flood plains (pedons 15, 17) and low lying alluvial 
plains (pedon 21) exhibited the decreasing pattern with 
depth which may be ascribed to deposition of finer 
alluvium in lower horizons. Aluminium and iron were 
important constituents of soils at all locations. The 
amount of Al2O3 and Fe2O3 varied from 2.2 to 14.7 
percent and 0.49 to 4.55 percent, respectively and 
showed that the amount of Al2O3 increased with depth 
indicating the weathering of aluminosilicates and fer-
romagnesium minerals at the surface and then by 
leaching the B-horizons were enriched. Walia and Rao 
(1997) reported that increase in Fe2O3 content with 
depth suggests more iron bearing minerals in subsur-
face horizons. Yadav (1999) ascertained that Al2O3 
and Fe2O3 varied from 4.8-18.1 and 1.35-8.49 %, re-
spectively in major landforms of Haryana. The amount 
of CaO and MgO varied from 0.68 to 3.83 and 0.31 to 
1.71 percent, respectively. The irregular distribution of 
CaO and MgO showed the lithological discontinuity 
(pedons 2, 5, 8, 17, 18, 20, 22). The presence of CaO 
and MgO infer the occurrence of minerals rich in calci-
um and magnesium (Sireesha and Naidu, 2015).  Sodi-
um oxide (Na2O) and K2O were present in low 
amount, i.e, 0.26 to 1.87 and 0.50 to 3.80 percent, re-
spectively. The presence of Na2O and K2O showed the 
weathering of sodium and potassium in feldspar miner-
als. Raina et al (2006) reported that K2O in all pedons 
indicates the presence of K bearing clay minerals i.e. 
micas and feldspars (Khan et al., 1997). The vertical 
distribution pattern of the above oxides within the pro-
files showed variation which indicated that pedochem-
ical weathering processes were not intense enough to 
bring about any change in the distribution pattern of 
the silicate minerals containing these elements. 
Mineralogical properties  
Fine sand: The kind of the fine sand minerals and 
their order of abundance are presented in table 1. The 
mineralogical properties of fine sand fraction revealed 
that quartz was dominant mineral followed by ortho-
clase-feldspars, muscovite, hornblende, tourmaline, 
zircon, biotite, iron ores and sphene. Heavy minerals 
were found more in subsurface horizons compared to 
light minerals in these areas. Mineralogical composi-
tion on Shiwalik hills, piedmont plains showed the 
advanced stage of weathering compared to flood plains 
and old alluvial plains. Ahuja et al. (1984) ascertained 
that the distribution of minerals and low degree of 
pedogenic development was mainly due to the influ-
ence of preservation of sediment sequences with less 
time and lower intensity of weathering in Ghaggar 
river basin of Haryana and Punjab. Gupta et al. (2009) 
described that quartz, feldspar and muscovite-mica 
were the main minerals in the light sand fraction and 
opaque type of minerals like zircon, tourmaline, au-
gite, hornblende and biotite in heavy fractions of sand.  
Silt mineralogy: The silt mineralogy was almost simi-
lar to clay mineralogy with additional amount of feld-
spars. However, the distribution pattern of minerals in 
silt was reverse to that of clay. Quartz was the domi-
nant mineral followed by mica except active flood 
plain (Ghaggar) where feldspar was the second most 
dominant mineral. On the contrary, mica content was 
relatively higher in silt fraction because it tends to 
concentrate in the finer fraction during the course of 
weathering (Sharma et al., 2011). Moreover, in silt 
fraction, feldspars were represented by both K- and Na
-feldspars (albite). The relatively lower amount of 
Dinesh et al. / J. Appl. & Nat. Sci. 9 (2): 924 - 934 (2017) 
Fig. 13. X-ray diffractograms of clay fraction (2μ) of pedon 
18 Old Alluvial Plain (Ghaggar) (Ap: 0-17). 
Fig. 14. X-ray diffractograms of clay fraction (2μ) of pedon 
18 Old Alluvial Plain (Ghaggar) (AB: 20-50). 
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feldspars in silt fraction compared to sand fraction 
may be due to the fact that the former has undergone 
more intense weathering due to increased fineness of 
the particles compared with later (Brindley and 
Brown, 1980; Sidhu, 1982; Sharma et al., 2011). Be-
sides, small amounts of chlorite, kaolinite, interstrati-
fied and traces of smectite and vermiculite were ob-
served. Although abundance of quartz was highest in 
silt fraction, its content was comparatively lower in 
sand fraction.  Likewise, earlier investigations reported 
decrease in quartz content with reduction with particle 
size (Sidhu and Gilkes, 1977; Jassal et al., 2000). The 
diffractograms of silt fraction of pedons 2, 8, 15 and 
18 are presented in figures 1, 2, 3 and 4, respectively. 
Clay mineralogy: The semi-quantitative evaluation of 
the clay fraction is shown in table1 revealed that illite 
was the single dominant clay mineral in all the soils 
under study which may be ascribed to the dominance 
of micaceous rocks in the parent material (Sharma et 
al., 2011). However, its quantity was less in the old 
alluvial plain (Ghaggar) 28.39 % compared to Shiwa-
lik hills (36-49 %). The strong and sharp maxima at 10 
Α˚ with its submultiple at 5 and 3.33 Α˚ in potassium 
as well as magnesium saturated clays which remained 
unaffected on glycolation (Mg clay) and heating upto 
550 ℃ (K clay) confirmed its presence. The strong and 
sharp XRD peaks indicate that illite standard was 
highly crystalline. The 10˚A reflections were slightly 
asymmetrical towards low 2θ angles particularly in 
clays of Ghaggar flood plain soils. This might be due 
to the replacement of interlayer potassium by hydrated 
cations leading to transformation into smectite and 
vermiculite group of minerals (Shanwal and Ghosh, 
1987; Dutta, 2000). 
Next to illite, a high amount of smectite (14-20 %) and 
vermiculite (11-17 %) were observed in clays of 
Ghaggar flood plain. However, these minerals were 
also detected in Shiwalik hills but in small amount (6-
17 %). Shifting of 14˚ Α peaks to ≈ 18 Α˚ on glycola-
tion of Mg-clay and reduction of 14˚ Α peak in K clay 
on heating confirmed the presence of smectite and 
vermiculite, respectively. The presence of smectite in 
the soil could be attributed to alkaline soil pH condi-
tion and high exchangeable Ca and Mg that allows the 
neoformation of smectite in the soil (Duchaufour, 
1998;  Navarrete et al., 2011). Fairly good amount of 
kaolinite (10-17 %) and small amount (4-11 %) chlo-
rite were uniformly distributed in soil clays irrespec-
tive of geomorphic units showing their detrital origin 
(Shanwal and Ghosh, 1987). Their presence was con-
firmed by disappearance of 7.2˚ Α and persistence of 
14˚ Α peaks in K-clays on heating upto 550 ℃. Since 
the soils are relatively young, kaolinite seems of pedo-
genic origin rather than inherited from parent materi-
als. The possible sources of pedogenic kaolinite are the 
weathering of vermiculite, chlorite and smectite 
(Navarrete et al., 2011).  
Medium intensity broad peaks in higher range of dif-
fractograms (14-24˚ Α) indicated the presence of regu-
lar and irregular interstratified minerals. The fairly 
good amount of interstratified minerals (9-15 %) in old 
alluvial plain (Ghaggar) supported the above men-
tioned hypothesis of potassium removal and illite 
weathering. A small amount of quartz was also ob-
served in all the clay samples. However, feldspar was 
almost absent except negligible amount (<5 %) in one 
sample of Shiwalik valley clays. Therefore, mineralog-
ical composition of clay is a function of weathering 
reaction during the process of soil development con-
trolled by pedogenic features. By and large, the distri-
bution of clay minerals is expected to bear close rela-
tion with climate and parent material. The diffracto-
grams of clay fraction of pedons 2, 5, 8, 15 and 18 are 
presented in figures 5, 6; 7, 8; 9, 10; 11, 12 and 13 and 
14, respectively. 
Conclusion 
The soils have mixed mineralogy showing presence of 
quartz, mica and feldspars in sand and silt fractions and 
illite, smectite, vermiculite, kaolinite, chlorite and in-
terstratified minerals in clay fraction. A fairly good 
amount of interstratified minerals in old alluvial plain 
supported the hypothesis of potassium removal and 
illite weathering. Study of mineralogy of such im-
portant soils helped us in understanding the potential 
nutrient reserves in the soil, degree of weathering and 
knowledge about soil development. The distribution of 
clay minerals in soils is expected to bear a close rela-
tionship with climate and zonal distribution. Since soil 
minerals primarily control the physical and chemical 
properties of soils particularly those minerals present in 
clay fraction, therefore, the study of mineralogy is im-
perative for understanding the nature of soils. The 
characteristics of the soils showed the considerable 
heterogeneity in profile, pH, electrical conductivity and 
soil mineralogy irrespective of geomorphic units. 
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